Background/Aims: Around 70,000-80,000 Danes suffer from dementia. As average life expectancy increases, the number of people suffering from dementia is expected to increase in the future with informal care provided by family and friends becoming more important. The aim of this study was to estimate the time spent by family and friends on informal care of persons suffering from dementia in a Danish setting and calculate the economic implications. Methods: Information on informal care time was collected in a postal survey of members of the Danish Alzheimer's Association. Data from 469 informal caregivers were obtained corresponding to an adjusted response rate of 62%. Results: On a typical day, informal care time was 4.97-6.91 h for primary caregivers and 0.70-1.06 h for other caregivers. Using the proxy good method to value informal care, daily costs ranged between EUR 160 and 223 for primary caregivers and between EUR 23 and 34 for others. Conclusion: Informal care delivered by family and friends is significant. The value of informal care constitutes an important part of the societal cost of dementia in Denmark.
Introduction
More than 34 million people are suffering from dementia worldwide, with more than 9 million people living in Europe [1] . In Denmark, around 70-80,000 people suffer from dementia, corresponding to 1.3% of the population [2] . The most frequent cause of dementia is Alzheimer's disease, representing 60-70% of the cases in Europe [3] . With increasing life expectancy in Europe, the number of people suffering from dementia is expected to grow in the future as the incidence rate rises with age.
Dementia is characterized by deterioration in intellectual capacity that impairs independent functioning in everyday life [4] . Cognitive and functional impairment increases as the disease progresses: starting with difficulty with instrumental activities of daily living (IADLs), e.g. cooking, shopping or taking care of economic matters, and ending with the loss of ability to perform basic activities of daily living (ADLs), e.g. dressing, hygiene or eating [5] . The cognitive and functional impairment results in an increasing dependence and need for care with progressing disease. This was shown by Stern et al. [6] in 1994, who developed the dependence scale aiming at linking the required amount of assistance from others to Alzheimer's patients with the progression of disease. The content validity of the dependence scale was recently tested and approved by Frank et al. [7] in 2010. In some cases, progression of the disease can be decelerated or symptoms can be relieved with proper medical treatment [8] .
The costs of dementia are significant. Besides direct costs related to treatment and formal care in the healthcare sector and the social care sector, there are indirect costs associated with informal care provided by family and friends.
Informal care covers a wide range of different activities carried out by family or friends, including ADLs, IADLs and supervision. Informal care differs from formal care as the informal caregiver does not receive any payment or alternatively payment below market wages [9] .
Studies have shown that informal caregivers -i.e. family and friends -play a substantial role in caring for people suffering from dementia and that informal care time accounts for a considerable part of the societal costs associated with dementia [3] . In a recent study, the total societal worldwide costs of dementia were estimated to be USD 608 billion, of which the costs of informal care amounted to USD 329 billion when ADLs and IADLs were considered [1] . This is a rough estimate based on the cost model in the Dementia Worldwide Cost Database with standard assumptions about informal care time (3.7 h/day). In reality, informal care time varies across countries due to differences in the institutional setting and level of services, which highlight the need for having country-specific data.
A previous Danish population-based study estimated the direct costs of dementia in Denmark, including hospital and physician services, community services and nursing home care, but did not include informal care [10] . Information on informal care time related to dementia in Denmark has been collected as a part of studies covering the Nordic and European countries. However, the samples of Danish informal caregivers included in these studies were rather small [11, 12] . There are no previous studies based on larger sample sizes that address the costs of informal care related to dementia in Denmark.
The demand for informal care is likely to increase due to the aging of the population and some rationing of formal care in countries such as Denmark. Therefore, it becomes even more important to estimate the amount of time spent on informal care of persons suffering from dementia and the associated costs with a view to attracting the attention of decision-makers and the public, as well as to include such costs in economic evaluations of dementia care in the future.
The aim of the present study was therefore twofold. First, the study investigated and estimated time spent by family and friends on informal care of persons suffering from dementia in a Danish setting. Secondly, the study valued this time and estimated the costs of informal care related to dementia in Denmark.
Materials and Methods

Data Collection
The study was designed as a postal self-administered questionnaire to members of the Danish Alzheimer's Association. The Danish Alzheimer's Association is a voluntary organization with the aim to improve the conditions for people suffering from dementia and their relatives. Members are patients, relatives and others.
At the end of September 2010, an information letter about the study together with a questionnaire about time spent on care of relatives suffering from dementia by primary and other informal caregivers was sent to 1,000 members randomly selected among all household members of the Danish Alzheimer's Association. The primary caregiver was asked to fill out and return the questionnaire using a pre-stamped addressed envelope -hereby giving his or her informed consent to participate in the study. Participation was voluntary and consent to participate could be withdrawn at any time. A reminder was sent out after 2 weeks with a deadline by the end of October 2010.
As illustrated in figure 1 , 694 members returned the questionnaire corresponding to a response rate above 70% (19 questionnaires never reached their destination). Among the 694 questionnaires, 203 were found ineligible either because the person with dementia had died (103), the respondent did not have a relative with dementia (90) or further information was missing (10) . Moreover, additional 22 questionnaires were excluded due to an unlikely low age stated for the person with dementia ( ! 50 years) or low age of the primary caregiver ( ! 20 years). The final study population therefore consisted of 469 primary caregivers (adjusted response rate was 62% when excluding those mentioned above without living relatives with dementia, for example). Various instruments have been developed to assess informal care time. Most apply the recall method, e.g. the Caregiver Activities Time Survey (CATS), the Caregiver Activity Survey and the Resource Utilization in Dementia instrument [13] [14] [15] [16] [17] , as it is less time consuming than the diary method or direct observations, which are regarded as the gold standard [16, 17] .
The questionnaire used in this study was developed with inspiration from existing instruments, most notably the CATS instrument [13] . Respondents were asked to estimate, in hours and minutes, the amount of time spent on a typical day on different activities related to care of the person suffering from dementia, including ADLs, IADLs and supervision. The CATS instrument was modified by including activities such as cooking and shopping. This was done to make the instrument better suited to a Danish context and to take into account criticism of the CATS instrument for not systematically assessing all activities that can be part of informal care [18, 19] . Furthermore, the time spent on informal care by both primary and other caregivers was included [18, 19] . Finally, the questionnaire included questions about the characteristics of the respondent as well as assessment questions. A pilot test of the questionnaire among eight members of the Danish Alzheimer's Association found it to be relevant, easily understood and simple to fill out.
It was assumed that primary and other caregivers could spend no more than 24 h on informal care per day. If the sum of the reported time spent on different informal care activities exceeded 24 h, then the time spent on supervision was reduced and if this was not sufficient, the time spent on other informal care activities was scaled down as well. This method is in accordance with the method applied by others [15, 19] . All questions relating to time spent on different caregiver activities were based on the number of hours/minutes spent on these activities on a typical day.
In valuing the informal care time, the proxy good method was used in the baseline analysis. The reason for choosing this method is that it values informal care time at the (labour) market price of a close substitute, such as a professional caregiver, that could have delivered some of the informal care if decided at the political level. The average wage rate of a professional caregiver with vocational training employed in the Danish municipal sector was used (the wage rate was inflation adjusted to autumn 2010). In sensitivity analyses, two other methods of valuation of informal care time were applied. The first is the opportunity cost method, where time is valued with the market-based wage rate of the individual caregiver, i.e. the informal caregiver's benefits foregone due to spending time on providing informal care (in this study, age-and gender-adjusted mean wages were applied). The second is the loss-of-production method , where time is valued as lost production to society due to the caregiver's time spent on informal care (calculated as the opportunity cost method, but time spent on informal care during weekends and holidays and by caregivers outside the labour market was not included).
When relevant for comparison purposes, cost estimates have been inflation adjusted based on the Gross Domestic Product deflator of the country or group of countries in question, and conversion to euros has been conducted based on the average exchange rate in October 2010.
The study was approved by the Danish Data Protection Agency (2010-41-4613). Approval from an ethics committee was not required by Danish law since the study did not involve collection of or research on biological material.
Statistical Methods
The average time that the primary and other informal caregivers spent in total and on different activities related to care of their relative suffering from dementia was estimated for a typical day. Missing values on the specific time spent on an activity were handled using three different strategies to show its impact. Strategy 1: missing data count as missing and are excluded from the analyses; strategy 2: missing data are set to zero, and strategy 3: miss-ing data are set to the conditional mean of the time spent on the activity by the rest of the respondents. Both bivariate analyses and multivariate regression analyses were applied to examine factors influencing informal care time, such as sex, age, the type of relationship between the person suffering from dementia and the caregiver and use of formal services. In these analyses, missing data counted as missing (strategy 1). For the bivariate analyses, nonparametric tests were used as the parametric assumptions were not fulfilled in all cases. A level of 5% significance was chosen. In the multivariate regression analysis, a Tobit model was used as this model was considered best suited to fit the skewed nature of the available time data. Time spent on supervision was not included in the multivariate regression analysis to ensure fulfillment of model assumptions. Two models were estimated -a small and a large model in terms of number of covariates. The statistical program SAS 9.2 (SAS Institute Inc., Cary, N.C., USA) was used to analyze data.
Results
A total of 469 primary caregivers were included in the study. Their average age was 66 years, and 67% were women. The majority of the caregivers (76%) were the spouse/partner of the person suffering from dementia while 21% were the daughter/son of the demented; 56% of the caregivers lived together with the demented. About one third of the caregivers were working -either full time (23%) or part time (10%). The average age of the persons suffering from dementia was 75 years. Nearly all of them (97%) had been diagnosed, the majority (77%) with Alzheimer's disease. The persons suffering from dementia lived in different regions of Denmark covering both urban and rural areas. The majority lived at home (61%), and about one third lived in a care facility (35%). As table 1 shows, time spent on informal care, including supervision, was estimated to be on average 5.85 h on a typical day for the primary caregiver (95% confidence interval: 4.77-6.93) and 0.70 h for other caregivers (95% confidence interval: 0.35-1.05) when missing data counted as missing. When missing data were set to zero or the conditional mean, time spent on informal care was estimated to be either 4.97 or 6.91 h, respectively, for the primary caregiver and 0.73 or 1.06 h, respectively, for other caregivers. For all three strategies of handling missing data, this corresponds to average costs between EUR 160 and 223 per day for primary caregivers and between EUR 23 and 34 per day for other caregivers when the informal care time is valued by the proxy good method, i.e. where the cost per hour of informal care is set equal to the average wage rate of a professional caregiver. Using the opportunity cost method for valuation of informal care time resulted in average costs between EUR 187 and 260 per day for the primary caregiver and between EUR 26 and 39 per day for other caregivers, whereas the use of the loss-of-production method resulted in average costs only between EUR 35 and 45 per day for the primary caregiver and between EUR 9 and 14 per day for other caregivers. The reason for the low cost estimates using the loss-of-production method is that the time spent on informal care during weekends/holidays as well as by caregivers outside the labour market was not included.
Only 203 of the 469 respondents were included in the estimation of informal care time of the primary caregiver when missing data counted as missing. Analyses of dropouts revealed that non-respondents were older than respondents and more often not living together with the relative suffering from dementia (he or she was living in a care facility).
Most of the informal care time is spent on supervision ( table 2 ) . The primary caregivers answering that they spent time on supervision (30%) spent on average above 8 h on a typical day on this activity. Most caregivers answered that they spent time on finding lost things and administering medication, i.e. more than half of the primary caregivers answered that they spent time on such activities. The average time spent on finding lost things and on administering medication is 0.49 and 0.19 h, respectively, on a typical day for the caregivers in question.
Bivariate and multivariate analyses showed that caregivers who live together with and/ or are married to the person suffering from dementia spent significantly more time on in- 
Discussion
This study provides an estimate of time spent on and costs associated with informal care for persons suffering from dementia in Denmark. Time spent on informal care, including supervision, was estimated to be on average 5.85 h on a typical day for the primary caregiv- er and 0.70 h for other caregivers when missing data counted as missing. This corresponds to average costs of EUR 189 per day for primary caregivers and EUR 23 per day for other caregivers when the informal care time is valued by the proxy good method or annual costs of EUR 77,380 per person suffering from dementia when a typical day is considered to be an approximation to an average day. Compared with previous studies, the number of respondents in the present study is one of its major strengths. However, the study population is not necessarily representative of informal caregivers and their relatives suffering from dementia in general. Other studies have shown that progression of the disease increases the time spent by informal caregivers on care when relatives suffering from dementia are still living at home [4, 12] . Nearly all the persons suffering from dementia who were included in the present study as relatives to the primary caregivers had been diagnosed with dementia. Because the onset of dementia is insidious, many persons suffering from dementia are not diagnosed when symptoms are mild [8] . This indicates that the severity of the disease of the persons included in this study might have been above average. This is supported by the fact that about one third of the persons suffering from dementia included in the present study live in a care facility. It is unclear how this affects the estimated time spent on informal care. On the one hand, disease progression will tend to increase the time estimate as long as the person suffering from dementia is living at home. On the other hand, disease progression will ultimately result in the person suffering from dementia being moved to a care facility which will tend to decrease the time estimate. Furthermore, the study may be subject to non-response bias. Our analysis of respondents versus non-respondents (dropouts) showed that more often non-respondents did not live together with their relative suffering from dementia as was the case with respondents. As living together with a person suffering from dementia was found to be a predictor of informal care time, it is possible that the present study overestimates informal care time compared to the time actually spent by the 469 respondents included in the study.
Moreover, informal care time may be overestimated since the study relies on caregivers volunteering to participate in the survey. These caregivers may be more involved in the care of persons suffering from dementia than the average caregiver.
The estimated informal care time is based on information from primary caregivers. This is normal for these types of studies but still introduces the risk of recall bias, especially in terms of information on time spent on informal care by other caregivers. Furthermore, the information collected may be inexact as it is sometimes difficult to distinguish between normal household activities and informal care. Moreover, supervision is difficult to express in quantitative terms. Joint production, defined as doing two or more activities at the same time by one person, is another complicating factor, especially when e.g. leisure activities are combined with providing informal care, e.g. watching television and supervision [9] .
We did not use one of the existing questionnaire instruments for estimating informal care time but developed our own with inspiration from existing instruments, most notably the CATS instrument. The major reason for designing a specific questionnaire was to make the instrument better suited to a Danish context and the purpose of the present study. We wanted to include all activities representing informal care, such as cooking and shopping, which are left out of the CATS instrument. Furthermore, we wanted to include the time spent on informal care by both primary and other caregivers in our survey. A pilot test of the final questionnaire was carried out to secure the validity and reliability of the questionnaire. It is therefore not assumed to be a problem to use a modified instrument.
Cost estimates of informal care are most commonly calculated using individual or societal lost earnings (opportunity cost method) or using formal care and domestic service replacement costs (proxy good method) [20] . The latter method has been applied in the present study. Since there is controversy over methods for valuing informal care, different approaches were compared in the sensitivity analyses, as presented above. The results of these sensitivity analyses showed that the opportunity cost method and the loss-of-production method formed an upper and a lower limit for the cost estimates of informal care. In the present study, the proxy good method was chosen because the method provides the most pragmatic estimate, namely an estimate of the costs that would be imposed on the healthcare/social care sector and ultimately the taxpayers if informal care was not provided by family and friends but had to be delivered by professional caregivers.
Several other studies have assessed the time informal caregivers spend on providing care for persons suffering from dementia and the associated costs [4, 11-15, 18, 19, 21-23] . The results vary greatly, which is partly due to the different definitions of informal care, the setting of the study and the characteristics of the study population with regard to the severity of the disease, for example [24] . Recognition of dependence as a distinct, measurable component of the dementing disease in relation to the progression of the disease may also explain differences between studies [6] . Problems related to quantifying with accuracy the amount of time spent probably also explain some of the variability. Furthermore, the choice of principle for valuing informal care has great importance for the cost estimates.
The estimated time spent on informal care per day by primary caregivers and other caregivers found in the present study based on a Danish sample of informal caregivers to persons suffering from dementia is similar to findings of German studies [18, 19] . Furthermore, the results are in line with a study covering the Nordic countries where the informal care time was estimated to be between 2 and 9 h per day for patients living in the community depending on disease severity [12] . Our results are also in accordance with American studies of patients with moderate-to-severe dementia or a high dependence scale score [4, 23] .
Two previous studies have collected information on informal care time related to dementia in Denmark. In a recent study by Gustavsson et al. [11] of 1,381 persons with Alzheimer's disease living at home and attending memory clinics in 12 European countries, the estimated average annual cost of informal care per patient valued at the opportunity cost of the caregiver's time (lost production) corresponded to EUR 4,600 in 2010. There was substantial variability in the reported amount of informal care between countries. The study only included 43 persons with dementia from Denmark, which limits the ability to generalize the results to a Danish setting. In another study by Jönsson et al. [12] , the costs of medical care, community care and informal care of 272 persons with Alzheimer's disease attending memory clinics in Sweden, Norway, Denmark and Finland were estimated; 45% of the study sample was from Sweden. The authors found that the estimated average annual costs of informal care valued at the opportunity cost of the caregiver's time (lost production) corresponded to about EUR 4,850 in 2010. Although no significant difference in resource utilization between the four countries was found, the study was not designed or powered to detect such differences. The cost estimates of both the study by Gustavsson et al. [11] and Jönsson et al. [12] are significantly lower than the estimated costs in the present study due to the choice of a different valuation method.
From a societal perspective, informal care accounts for a large proportion of societal resources spent on care for the 70,000-80,000 persons suffering from dementia in Denmark today. Informal care can postpone the point in time when a person suffering from dementia has to be institutionalized and live in some sort of publicly run care facility with annual costs between EUR 47,000 and 67,000 per patient per year [25] . From a central and local governmental point of view, it may well be an economic advantage to enable people suffering from dementia to live at home longer by securing adequate early intervention and support programs, as well as supporting and acknowledging the importance of informal care provided by family and friends.
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